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ABSTRACT 
This Research is based on geophysical survey of the ground water development of Okha community along Sapele 
Road in Benin City. The Schlumberger configuration was used for a total spread (L) of 400m. The location 
geographical coordinates in WGS84 is: N50 10’ 51.540’’ E60 12’ 58.080’’ and with Ellipsoidal height of 37 m. The 
results indicate that seven sub layers were identified as reflected from the table. The result of data processing by the 
software package was integrated in order to arrive at the realistic composition and layering of the subsurface. The  
interpretation suggested that the area was underlain with substantive aquiferous formation but at a depth not 
exceeding 93.4 metres (306.43 ft).  However, adequate borehole logging of the samples from well bore to enable the 
proper screening of the aquifer zones which are captured is recommended, 
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1. INTRODUCTION 
The aim of any resistivity survey is to delineate Vertical 
and Horizontal boundaries with electrical contrast [1] 
This Hydro-geophysical Survey was conducted for the 
purpose of surveying and studying the proposed water 
borehole site in Okha, Ikpoba Okha LGA of Edo State, 
using the Vertical Electrical Sounding (VES) technique. 
The survey is expected to investigate the subsurface 
complexity of the sites in respect of lithology and to 
recommend the total drill depth based on the 
prospective aquifer unit so identified. The subsurface of 
this area consists of sand and clay units with 
intercalations of shale and Mudstone. The area is 
predominantly sedimentary terrain belonging to the 
Benin Formation. 
Global Navigation Satellite System (GNSS) is one of the 
most recent essential tools that have revolutionized 
almost all applications that require very high-accurate 
positioning, navigation and timing as well in frequency 
domain [2]. This development has now seen the 
implementation of high accurate stations positioned 
around the world. Technological improvements in 
GNSS receivers have made GNSS surveying to achieve 
millimeter -level accuracy positioning in static model 
[3]. For the purpose of location determination, a 
handheld Garmin X10 GNSS receiver with accuracy 
ranging between 3m to 5m was used. The value so 
obtained is in World Geodetic System (WGS84) 
presented in Latitude, Longitude and Ellipsoidal height. 
The value so obtained need to be transformed for 
WGS84 to Nigeria Minna datum. Positioning with GNSS 
can now be performed by either point positioning or 
differential (relative)  Positioning [4, 5]. GNSS point 
positioning employs one GNSS receiver, while 
differential positioning employs two (or more) GNSS 
receivers simultaneously tracking the same satellites 
[6, 7].  
 
2. METHODOLOGY 
To compliment surface geological mapping, Petrozenith 
PZ-02 Terametter Electrical Resistivity Equipment was 
used to conduct a Vertical Electrical Sounding (VES). 
The Schlumberger configuration was used for a total 
spread (L) of 400 m. A VES station was located in front 
of the proposed water borehole site. 200 m (L/2) was 
covered on the right running towards Benin City, and 
another 200 m (L/2) was run on the left towards 
Ologbo. Necessary precautions required in geo-electric 
measurement were duly considered and maintained. 
The survey lasted between 10.15 hr to 12.20 hr under 
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2.1 Datum Transformation 
The term Datum is used to describe the reference 
frame for geodetic computation [8] which defines the 
parameters regarding the relationship between the 
ellipsoid and the real earth (Geoid). The position of a 
point on the earth surface can be given either in terms 
of (φ, ʎ, h) or (X, Y, Z) coordinates systems which every 
system is used has an origin and have a relationship for 
transformation to other systems. The transformation 
from (φ, ʎ, h) system to (X, Y, Z) system can be 
achieved using the following relationship [9, 10]. 
The formula to perform the Molodensky Abridge Model 
for transforming WGS84 to the equivalent Minna 
datum Geographical coordinates read thus: 
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Where:  tx, ty , tz: are the translations between both 
datums (in geocentric coordinates); 
φ, λ, h : geodetic co-ordinates of the local geodetic 
system ellipsoid; 
 φ,  λ,  h: corrections to transform local datum co-
ordinates to WGS84 φ, λ, h  
 X,  Y,  Z: corrections to transform local datum co-
ordinates to WGS84 X, Y, Z; 
 a,  f: (WGS84 minus local) semi-major axis and 
flattening respectively;  
a: semi-major axis of the local geodetic system 
ellipsoid; 
f: flattening of the local geodetic system ellipsoid; 
M (φ): radius of curvature in the meridian; 
V (φ): Prime vertical radius of curvature; 
The datum shift parameters derived by Shell Petroleum 
Development Company (SPDC) are presented thus: 
Datum Shift Parameters from WGS84 to Minna Datum 
Geographical coordinates are: 
tx = plus 111.916; ty = plus 87.852;  tz = minus 114.499 
a
L = 6378249.145; fL = 1/293.465;   f  minus 
0.54750714 
Mathematically transformation from one datum to 
another can be realized by relating the geographic 
coordinates (φ, ʎ, h) of both datum systems directly, or 
indirectly by relating the geocentric coordinates (X, Y, 
Z) of the datums [13, 14]. 
The transformation from (φ, ʎ, h) system to (X, Y, Z) 
system can be achieved using the following 
relationship by 
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Where: N is radius vector of the prime vertical, h is the 
point above ellipsoid, e is the eccentricity. N and e are 
given by 
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Where, a is the major axis of the earth and f is the 
flattening of the reference ellipsoid. For WGS84, a= 
6,378,137m, f = 1/298.257223563 = 0.003352810665. 
These formulas used by the Standard for New Zealand 
Geodetic Datum in year 2000 can be used to convert 
the Cartesian coordinates (X, Y, Z) to the geographic 
coordinates φ, ʎ, h.as follows; 
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Where: a and f are obtained from the ellipsoid under 
consideration for the geodetic datum respectively.  
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Figure 2 is the transformation of the acquired 
geographical coordinates in WGS84 to Minna datum. 
The transformed coordinates to the equivalent 
Cartesian (grid) coordinates system is also presented 
in figure 2. 
 
2.2 Linearised Model 
For completeness, we summaries the linearisation 
procedure and the development of the least squares 
method specifically for the GPS positioning problem.  
First, we assume we can write the actual observation to 
be the sum of a modelled observation, plus an error 
term [8]. 
                      
  ( ,  ,  ,  )   
}              ( ) 
The provisional parameter values is given as (x0, y0, z0, 
τ0), using Taylor’s theorem the computed model can be 
expanded thus by ignore second and higher order 
terms as presented in equation [10]. 
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The residual observation is the difference 
between the actual observation and the 
computed using the provisional parameter values 
[8].  
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The matrix form is given as: 
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The above equation represents one satellite, for n-
satellite, we can develop similar equation given [8] 
which can be written as equation (13) as shown at the 
bottom of this page. 
                                               (14) 
The estimated residual is given as: 
                                       (15) 
The normal equation to the solution is given as: 
 ̂  (   )                                  (16) 
The design matrix A which is usually the partial 
derivatives of each observation with respect to each 
parameter derived from the provisional values 
assuming n =4 and data m, which can be written as [8]. 
We can derive the coefficients of A matrix by partial 
differentiation of the observation equations as in the 
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The acquired geographical coordinates in WGS84 was 
Transformed to the equivalent Minna datum using Inca 
geodetic software. The transformed coordinates was 
further converted to Cartesian (grid) coordinates and 
the results presented in Figure 1 [17]. 
 
2.3 Data Processing 
All field data have been subjected to manual 
computation and finally to computer processing 
techniques, applying the ipi2win Resistivity Sounding 
Interpretation software. For the VES, the Schlumberger 
electrode configuration was adopted. A Petrozenith PZ-
02 Terrameter was used to take field measurements of 
resistance (R) from which apparent resistivity Pa was 
calculated by the relation [11, 12]: 
                                 (18) 
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and AB is the current electrode spacing in meters, and 
MN is the Potential electrode spacing in meters. 
π   3.142 
 
          
Figure 1: coordinates Transformation 
 
Figure 2: Layered Resistivity Model 
 
Table 1: Resistivity Data, SP = 0, V = 0 and I = 0 
AB/2 MN K Ro_a 
1 1 2.3562 70.191 
2 1 11.781 334.93 
3 1 27.489 477.76 
4 1 49.48 574.96 
7 1 153.15 687.64 
10 1 313.37 676.88 
14 1 614.97 793.31 
21 1 1385 1022 
27 1 2289 1125 
32 2 1607 1015 
47 4 1732 1207 
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AB/2 MN K Ro_a 
70 4 3845 1058 
100 10 3134 1047 
150 20 3519 1063 




Figure 3: Map shewing Okha Community and the Geological map 
 
Table 2: Reservoir categorization 
Layer  Depth (M) Thickness (M) Resistivity (Ωm) Lithology 
1. 0.5 0.5 74.5 Sandy topsoil 
2. 1.27 0.773 1177 Lateritic Sub-soil 
3. 3.24 1.97 2443 Sand/ Sandstone formation 
4. 8.25 5.01 1189 Clayey formation 
5. 61 52.7 1046 Sandy formation (prospective) 
6. 93.4 32.4 1120 Clayey sand (prospective) 
7. Undefined Undefined 1086 Sand / Sandstone 
 
 
3. RESULTS AND DISCUSSIONS 
Analytical result presented by the ipi2win software 
reveals seven sub layers as follows: 
For layer 1 at a depth of 0.5 m, the thickness was found 
to be 0.5 m, Resistivity was found to be 74.5 Ωm, while 
the lithology was sandy topsoil. For layer 2 at depth 
1.27 m, the thickness was found to be 0.773m, 
resistivity 1177 Ωm and of lithology of lateritic sub-soil. 
Layer 3 of depth 3.24m has a thickness of 1.97 m, 
resistivity of 2443 Ωm and lithology of sand sandstone 
formation. Layer 4 of depth 8.25m and thickness of 
5.01 m has a resistivity of 118  Ωm with a lithologic 
formation of clay. Layer 5, of depth 61 m and thickness 
of 52.7 m has a resistivity of 1046 Ωm with a sandy 
(prospective) lithologic formation. Layer 6, of depth of 
 3.4 m, 32.4 m and resistivity of1120 Ωm has a 
lithologic formation of clayey (sand) prospective. Layer 
7 is undefined and has an undefined thickness with a 




The interpretation of the results indicates that the area 
is underlain with substantive aquiferous formation but 
at a depth not exceeding 93.4m (306.43 ft). 
The following should be adopted for the proposed 
underground water development to achieve the best 
result: 
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a. Drilling should be done to a depth not exceeding 
93.4 m (306.43 ft) to allow for large reservoirs 
within the aquifer units to be tapped. 
b. There should be adequate borehole logging of the 
samples to enable the proper screening of the 
aquifer zones which are captured, this should be 
done by an experienced and registered hydro-
geologist. 
c. The borehole drilling should be done with a 
competent drilling rig specifically built for the 
sedimentary terrain in order to attain this 
recommended Total Drilled Depth (TDD). 
d. The borehole completion should be done using PVC 
casing material of adequate thickness and not 
exceeding 6 inches. This will ensure regular 
production of clean water with better borehole 
stability. 
e. Proper water analysis should be done in a credible 
and registered analytical laboratory to determine 
the quality of the water so produced from this 
borehole. 
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